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Abstract 
Laser-metal interaction employed greater advantages to the performance of devices for electronics and 
optoelectronics devices. Silver (Ag) thin films were deposited onto silicon (Si) and glass substrates using direct 
current (DC) magnetron sputtering system. An under-layer, chromium (Cr) thin films that act as an adhesive layer 
were deposited on the glass substrate. Laser treatments on the samples were carried out at different laser energy 
under N2 ambient in a pressure cube. It is found that the electrical, optical and morphological properties improved 
after laser treatment process. Laser-treated Cr/Ag at 165 mJ shows a low electrical resistivity of 1.21 × 10-6 Ω-cm. 
Optical reflectance and the transmittance increases from 1.675% and 1.636% to 7.256 % and 7.204 % respectively at 
470 nm. Meanwhile, surface roughness has shown a value of 5 nm for the sample treated at a maximum laser 
energy. 
© 2018 Elsevier Ltd. All rights reserved. 
Selection and peer-review under responsibility of the scientific committee of the Nanotech Malaysia 2018. 
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1. Introduction 
Metal-thin films are attracting great attention nowadays, due to their electrical, optical, morphological and 
structural properties [1]. Modern optoelectronic device technology employed metal-contact as an important part to 
enhance the electrical and optical properties [2]. Deposited metal thin films on semiconductor, ceramic or glass 
materials tend to improve the performance of many optoelectronics devices such as a light emitting diode (LED), 
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laser diodes (LDs) and solar cells [3,4]. Recently, thin metal films are used as a sandwich layer between transparent 
conducting oxides (TCO). This is done in order to increase the conductivity, mechanical strength and reduce the cost 
of production since metals are less expensive, compared to TCO [4, 5]. Metal films like gold (Au), platinum (Pt) and 
silver (Ag) are widely used as a metal-contact technology for electronics and optoelectronics industry [6, 7]. Silver 
thin film low resistivity and good reflectivity properties couple with chromium adhesion and thickness properties are 
considered for this research [3]. Cr/Ag bi-layer metal contact possesses the ability to decrease the electrical 
resistivity.  
Several deposition techniques can be used in the deposition of metals thin films on different substrates. Methods 
like spray pyrolysis, RF or DC magnetron sputtering, thermal evaporation and metal organic chemical vapour 
deposition (MOCVD) are frequently used [7, 8]. Spray pyrolysis is quite simple and easy method for depositing 
films of any composition [9, 10]. The needs for higher surface substrate temperature for films of more roughness and 
porous is an issue using this technique. Deposited films at low temperature could get crack using this technique [10]. 
Noble and transition metals can be deposited easily using thermal evaporation. But films adherence, stability and 
non-evaporation of refractive metal thin films are quite the drawbacks [11]. DC magnetron sputtering is mostly 
prepared since the sputtering parameters can be controlled to produce high-quality metal contact under low vacuum 
pressure and at a moderate cost [12]. 
Heat treatments of thin metal films (both in-situ and post-annealing treatment) are generally conducted to enhance 
the structural characteristics of the films and in returns improve it optoelectronic properties [7]. Moreover, laser-
metal interaction is practically used especially in research field or industry for application in medical treatment, 
photodetector and also as an alternative to temperature annealing [13]. It can improve both the optical and structural 
properties of the films due to the laser heat transfer to the target material. A lot of laser systems use thin metal films 
in almost all their optical train, starting from generation of the beam to the redirection of the beam toward the target 
[3].  This is as a result of solid-state laser positive performance on several optoelectronic devices, because of its 
reliability, wavelength variation and efficiency [14]. In medical laser ablation, excellent reflective metal thin films 
are used for coating the ends of the medium for the generation of consistent beam intensity [3]. In this work, Cr/Ag 
metal thin films interaction with infra-red laser were investigated. Changes in their electrical, optical and structural 
properties after treatment with infrared Nd: YAG laser were analysed. 
2. Experimental 
Si and glass were chosen as substrates to deposit the Cr/Ag bi-layer metal contact. Cr and Ag thin films were 
deposited on silicon and glass substrate using DC magnetron sputtering.  The base vacuum pressure of the system 
was set at 1 × 10-2 mbar with the sputtering rate of 4.00 nm/min. The thicknesses of thin metal films deposited are 5 
nm and 100 nm of Cr and Ag, respectively. All the metal films were deposited uniformly using DC magnetron 
sputtering system at room temperature. For laser treatment, a Neodymium-doped Yttrium Aluminium Garnet 
(Nd:YAG) laser Series NANO L290-20 manufactured by Litron with 1.06 µm fundamental wavelength and 4 ns 
pulse duration was employed as a source of energy. Different laser energy of 1mJ and165mJ was used in the 
treatments. The samples were set in a pressure cube under nitrogen gas, N2 environment inside the cube to prevent 
any contamination or interaction with the outside particles. 
Metal thin films were deposited on glass in order to analyse the optical properties of the samples in terms of 
absorbance, reflectance and transmittance since it is a transparent material. The electrical resistivity of the samples 
was characterised using four-point probe system. The optical properties were analysed using ultra-violet and visible 
light (UV-Vis) spectrometer. The reflectance and transmittance value were scanned within the wavelength range of 
400-700 nm. The 470 nm of wavelength light is simply selected to discuss the optical properties of the sample as 
this wavelength contributed to blue colour in visible-light region [15]. The surface morphological analysis in term of 
root-mean-square roughness (ܴ௤ ) was determined using atomic force microscopy (AFM) system. The system 
operated in tapping-mode using Nanoscope Analysis 1.7 software. 
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3. Results and discussion 
Fig.1 illustrated the process of metal thin film interaction with Nd: YAG laser beam schematically. Electrical 
properties of bi-layer Cr/Ag thin films in terms of resistivity, sheet resistance, and conductivity are shown in Fig. 2a-
c. Theoretically, when the metal films are exposed to high energy laser, the resistivity and sheet resistance decreases. 
It consequently increased the electrical conductivity as compared to lower laser energy used. This is confirmed from 
the results obtained as shown in Fig. 2a and b where the low electrical resistivity and sheet resistance values were 
obtained at 165 mJ laser energy. The measured resistivity, sheet resistance, and conductivity values were measured 
as 1.21 × 10-6 Ω-cm, 1.21 × 10-1 Ω-sq., and 8.26 × 105(Ω-cm)-1 respectively. Lower resistivity and sheet resistance 
value results in higher conductivity value of Cr/Ag thin films. Moreover, the flow of electrical current from metal to 
semiconductor increases the current-conduction mechanism within the contact. This is attributed to the flow of 
electrons between metal and semiconductor as a result of low resistivity which in turn led to the formation of the 
depletion region, due to the alignment of both the metal and semiconductor Fermi level.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Schematic representation of irradiated Cr/Ag films with Nd: YAG laser source 
 
     Optical reflectance and transmittance characteristics of Cr/Ag on glass were scanned using UV-Vis spectrometer 
at wavelength ranges from 400-700 nm, as shown in Table 1. Laser treated sample at 165 mJ demonstrates the 
highest optical reflectance and transmittance as compared to the as-deposited sample. The as-deposited sample 
shows lower reflectance and transmittance characteristics of 1.675% and 1.636% respectively. This is due to the 
disordered structure of the as-deposited films on a glass substrate which causes light trapping within it [16, 17]. 
After treatment with infra-red laser both the reflectance and transmittance improved to 7.256 % and 7.204 % 
respectively. In general, the laser-treatment process significantly enhanced the optical reflectance and transmittance 
of Cr/Ag thin films. On the other hand, the laser-treated Cr/Ag thin films with 165 mJ of laser energy produced 
more ordered structure thus results in higher optical reflectance and transmittance characteristics. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Electrical properties of Cr/Ag thin films in terms of (a) resistivity (b) sheet resistance (c) conductivity. 
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Table 1: Reflectance and transmittance values of Cr/Ag thin films for as-deposited and 165 mJ of laser energy. 
Laser energy (mJ)                                    Reflectance %                                        Transmittance % 
As-deposited                                                   1.675                     
 
165                                                                  7.256                 
                                1.636 
 
                                7.204 
  
The surface morphology of Cr/Ag thin films on a silicon substrate in 2D and 3D projection for 1 mJ and 165 mJ 
of laser energy are shown in Fig. 3a and b respectively. The laser treatment method significantly alters the surface 
topography of the samples [18]. When the sample is being radiated with laser energy, the atoms absorbed the laser 
light and transformed it into heat energy. This results in atoms expansion and consequently the agglomeration of 
atoms inside the sample. Hence, the smoother surface sample is obtained as shown in Fig. 3b as a result of a 
decrease in the surface roughness value [19]. After the sample undergoes laser treatment at 165 mJ, the surface 
roughness value of the sample decreases to 5.16 nm as compared to 5.48 nm for 1 mJ laser energy used. The 
corresponding as-deposited sample shows surface roughness value of 11.13 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3. 2D and 3D AFM images of Cr/Ag thin films of (a) 1 mJ of laser energy (b) 165 mJ of laser energy. 
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4. Conclusions 
Bi-layer Cr/Ag thin films were deposited onto silicon and glass substrates using DC magnetron sputtering system. 
Laser treatment of thin metal films at different laser energy has shown significant improvement on the electrical and 
optical properties of the bi-layer thin contacts. Besides, the highest electrical conductivity of 8.26 × 105 (Ω-cm)-1 was 
obtained at 165 mJ laser energy with an improved optical reflectance and a transmittance value of 7.256% and 
7.204% respectively. Moreover, a decrease in the value of surface roughness and smoother sample’s surface of 
Cr/Ag thin films were observed after laser treatment. This process has led to the enhanced optical and structural 
properties of the samples as required. 
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